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(57) A communication system (1 ) includes a satellite 
communications component having at least one satellite 
(8) and at least one terrestrial gateway (10), and also a 
wireless terrestrial communications component (2) hav- 
ing at least one repeater and at least one mobile switch- 
ing center (4). The at least one gateway (10) and the at 
least one mobile switching center (4) are coupled to- 
gether by a first mobile applications part (MAP) network, 
such as an IS-41 or GSM MAP network. The at least 
one gateway (10) and the at least one mobile switching 
center (4) are further coupled to a terrestrial communi- 



cations network (PSTN). The system further includes at 
least one dual mode or higher user terminal (7) having 
a first transceiver for bidirectionally communicating with 
the gateway (10) through the satellite (8) ; a second 
transceiver for bidirectionally communicating with the 
mobile switching center (4) through the repeater and a 
controller, responsive to one of a user selected or a gate- 
way selected protocol, for selectively enabling either the 
first or the second transceiver for conveying a user com- 
munication to the terrestrial communications network 
(PSTN). 
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Description 

This invention relates generally to mobile communications systems and, in particular, to terrestrial cellular and 
mobile satellite communications systems. 

s Mobile satellite communications systems are being employed worldwide. In general, previous systems have been 

regional in nature. However, global systems are being proposed and introduced. These global systems offer the po- 
tential for international roaming and, as a result, a need will exist for user terminals which can allow worldwide roaming. 
That is, a need will exist for a user terminal that can be used to make and receive calls without regard for geographic, 
economic, or political boundaries. 

10 Single mode satellite user terminals (i.e., satellite only) can allow worldwide access. However, with the wide spread 

deployment of cellular, Personal Communications Systems (PCS) and other terrestrial mobile systems there will be a 
logical need to inter-work with such systems. For example, in such systems, and for dual mode terminals (e.g. , analog/ 
digital), it is often the case the digital mode is preferred, and is automatically selected where available. 

Such inter-working is cost effective and may increase user quality of service in urban and suburban environments, 

is while the satellite service can be used in rural areas and areas where terrestrial mobile service is not available or 
economical. 

In order to accomplish such inter-working a dual mode user terminal may be required. That is, a user terminal 
capable of operating in either the satellite or the terrestrial cellular environment. 

It is envisaged that mobile users will be roaming in both of these environments. The terrestrial environment is 

20 generally limited to those service areas which have land-based repeaters (towers, etc.) or other local area repeaters 
(e.g., balloons or aircraft). Necessarily, these mobile service areas are rather small, and are generally located in cities, 
towns and along heavily traveled roads. The satellite system, on the other hand, provides ubiquitous coverage and 
includes both the terrestrial mobile service areas and non-terrestrial service areas. 

Terrestrial mobile systems do not have perfect coverage, especially at the fringe of cell areas : and furthermore 

25 many have "holes" or "gaps" within their service areas due to terrain blocking or other reasons. Users of terrestrial 
mobile systems can experience dropped calls and service when located within these fringe areas and holes. Satellite 
systems can fill these holes and fringe areas if the user terminals can inter-work sufficiently to assure proper technical 
connection and switch-over from one system to another. 

At present, there are no currently existing or proposed terrestrial/satellite communications systems known to the 

30 inventors that adequately address these important needs. 

It is noted that in an article entitled "An Integrated Satellite-Cellular Land Mobile System for Europe" (1989), E. 
Del Re describes a proposal for integrating a satellite communication system with the European GSM terrestrial cellular 
system. In the Del Re approach is it desirable to maintain common protocols (layers 2 and 3) between the satellite and 
GSM systems, with the majority of the differences being in the layer 1 (e.g. , RF bands and synchronization procedures). 

35 in U.S. Patent No.: 5,073,900, entitled "Integrated Cellular Communication System", A. Mallinckrodt describes a 

cellular communications system having fully integrated surface and satellite nodes. That is, space node satellite cells 
can overlap ground cells. A system network control center is used to designate handling for a particular call to one of 
a satellite node or a regional node control center. Mallinckrodt mentions that in one embodiment the user can select 
whether to use the satellite link or the ground-based link. 

40 Neither Del Re or Mallinckrodt is seen to provide a satisfactory solution to the problem of providing full inter-working 

between a satellite communication system and one or more existing terrestrial communication systems. 

According to the present invention, a communications system having a satellite communications component com- 
prises at least one satellite and at least one terrestrial gateway, and also a wireless terrestrial communications com- 
ponent comprising at least one repeater and at least one mobile switching center. The at least one gateway and the 

45 at least one mobile switching center are coupled together by a first mobile applications part network. The at least one 
gateway and the at least one mobile switching center are further coupled to a terrestrial communications network. The 
system further includes at least one dual mode or higher (e.g., tri-mode) user terminal comprising a first transceiver 
for bidirectionally communicating with the gateway through the satellite, a second transceiver for bidirectionally com- 
municating with the mobile switching center through the repeater, and a controller, responsive to one of a user selected 

50 or a gateway selected protocol, for selectively enabling either the first or the second transceiver for conveying a user 
communication to the terrestrial communications network. 

Different service providers may use different air interface standards and related signalling protocols (e.g., IS-41 
and IS-95). Such air interface standards and signalling protocols may be collectively referred to simply as a "protocol", 
which is assumed for the purposes of this invention to encompass the physical and logical requirements to successfully 

55 communicate with a given satellite or terrestrial communication system. 

The user terminal is responsive to a number of initial conditions (C). These include (a) operation through satellite 
only; (b) logged into the satellite system but authorized to switch to the terrestrial system; (c) logged into both the 
satellite and terrestrial systems, and an automatic network search mode begins with the satellite system; (d) logged 
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into the terrestrial system only; (e) logged into the terrestrial system but authorized to switch to the satellite system; 
and (f) logged into both the satellite and terrestrial systems, and the automatic network search mode begins with the 
terrestrial system. 

Examples of the present invention will now be described in detail with reference to the accompanying drawings, 
s in which: 

Fig. 1 is a block diagram of a satellite/terrestrial communication system in accordance with this invention; 

Figs. 2A-3D are logic flow diagrams depicting methods in accordance with this invention for operating a dual mode 
10 (satellite/terrestrial) user terminal in the satellite/terrestrial communications system of Fig. 1 ; 

Fig. 4 is a simplified block diagram of a dual mode user terminal having system selection capabilities in accordance 
with this invention; 

is Fig. 5 is a simplified block diagram of a gateway shown in Fig. 1 . 

Fig. 6A-8B are block diagrams of embodiments of gateways in accordance with this invention. 

Fig. 9 is a diagram illustrating the flow of signalling and traffic information in the satellite/terrestrial communication 
20 system of this invention; 

Fig. 10 is a diagram illustrating exemplary satellite and terrestrial service areas; 

Figs. 11A-11C are logic flow diagrams illustrating methods in accordance with this invention; 

25 

Figs. 11 B and 1 1 E illustrate various initial conditions (C1-C6) for a satellite operation initiate mode and a terrestrial 
operation initiate mode, respectively, and relate particularly to the flow charts of Figs. 11 A-11C; 

Figs. 12-16 illustrate various exemplary relationships between satellite service areas and terrestrial domestic cel- 
30 lular service areas; 

Fig. 17 is a simplified block diagram of a gateway that includes databases for storing service impairment maps 
and historical records of user terminal availabilities in accordance with an aspect of this invention; and, 

35 Fig. 18 is a logic flow diagram of a method in accordance with this invention managing the delivery of pages to 

the user terminal after the user terminal has temporarily lost synchronization with the gateway. 

When reading the following detailed description of this invention reference may also be had to U.S. Patent No. 
5,303,286, entitled "Wireless Telephone/Satellite Roaming System", by R.A. Wiedeman; to U.S. Patent 5,448,623, 

40 entitled "Satellite Telecommunications System Using Network Coordinating Gateways Operative with a Terrestrial Com- 
munication System", by R.A. Wiedeman and Paul A. Monte; and to U.S. Patent 5,422,647, entitled "Mobile Commu- 
nication Satellite Payload", by E. Hirshfield and C.A. Tsao. The disclosures of these U.S. Patents are incorporated by 
reference herein in their entireties for describing various satellite communications systems using on-board signal 
processing satellites or bent-pipe repeater satellites, and also an embodiment of a repeater satellite payload. 

45 Fig. 1 illustrates a dual mode satellite and terrestrial communication (DMSTC) system 1 that is suitable for use in 

practicing the teachings of this invention. In the DMSTC system 1 there is at least one terrestrial system (TS1 ) 2 : but 
typically there are a plurality of same all connected directly or indirectly to the Public Switched Telephone Network 
(PSTN) 3. Some of the TSs 2 may be connected to a private network. Each TS 2 includes a conventional Mobile 
Switching Center (MSC) 4 and at least one base station (BS) 5. Each MSC 4 has associated coverage areas 6 within 

so which a user terminal (UT) 7 can be located. Using a bidirectional terrestrial RF link (T1) the UT 7 can be connected 
to the PSTN 3. Different ones of the TSs 2 can operate with protocols and air interface standards, such as analog (e. 
g., AMPS), time division multiple access (TDMA), code division multiple access (CDMA), and combinations of these 
access types. There may be various TSs of one access type (e.g., TDMA) that operate with different protocols (e.g., 
U.S. digital and GSM). 

55 Fig. 1 also includes at least one satellite system which includes at least one satellite 8, but more typically a con- 

stellation of two to N satellites each orbiting the earth and providing respective service or coverage areas 9 on the 
earth's surface. The coverage area may be from a single satellite and may be composed of from one to many beams 
(or frequencies); or may be composed of many overlapping coverage areas from several satellites, each being com- 
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posed of one to many beams. Located within the satellite coverage area 9, and possibly within a terrestrial service 
area 6, is the UT 7 and also a gateway 1 0 which interconnects the UT 7 to the PSTN 3 via one or more of the satellites 
8 through bidirectional satellite RF links S1 (UT 7 to satellite 8) and S2 (satellite 8 to GW 1 0). 

The constellation of satellites may be comprised of Low Earth Orbit satellites (LEOs), Medium Earth Orbit satellites 
s (MEOs), or geosynchronous orbit (GEO) satellites. For the purposes of this invention the satellites may be bent pipe 
repeaters that simply relay commun ications between the UTs 7 and the gateways 1 0, or they may demodulate received 
transmissions to perform on-board processing for determining routing and other information. 

In the presently preferred embodiment of this invention the UT 7 is a dual (or higher) mode terminal and is capable 
of operating within either the satellite coverage area 9 or at least one of the terrestrial service areas 2. That is, the UT 
10 7 has the capability of communicating with both the satellite system and at least one terrestrial system. By example, 
the UT 7 may be capable of communication with either an AMPS or a CDMA terrestrial communication system, and 
with at least one type of satellite communication system. 

Thus, although the description of this invention is made in the context of the dual mode UT 7, it should be realized 
that the teachings of this invention apply as well to tri-mode and greater user terminals (e.g., satellite and multiple 
is terrestrial standards such as GSM, and/or IS-95 CDMA, and/or AMPS). 

One feature of both satellite and terrestrial systems is a registration procedure (log-on) which allows the UT 7 to 
access the system and thence the PSTN 3. The registration procedure authenticates the UT 7, allows various services, 
and performs various database manipulation functions. There are at present two types of registration procedures: 
home location procedures, and roaming or so called visitor location functions. The registration procedures are per- 
20 formed at the MSC 4 for terrestrial systems and the gateway 10 for satellite systems. 

In general, the registration process is a manipulation of two types of databases. In the home location there is a 
Home Location Register (HLR) and for roaming terminals (i.e., one whose home location is in another service area) 
there is a Visitor Location Register (VLR). 

There are currently two major types of cellular telephones deployed in the world. In the Americas the AMPS (IS- 
25 41) system is prevalent, while in the remainder of the world various other standards are used, with GSM being the 
most popular. These various standards are not usually inter-operable and inter-working, andfunctions such as charging, 
mobility management, and authentication are not compatible between them. However, the addition of the satellite 
system makes it possible to roam from system to system with some limitations. Two potential roaming cases are, by 
example, AMPS and satellite cellular, and GSM and satellite cellular. 
30 The potential operating conditions are shown in Table 1 . 



TABLE 1 



Mode Cellular Type 
Operation 


Terrestrial AMPS 
Home 


Terrestrial AMPS 
Roaming 


Terrestrial GSM 
Home 


Terrestrial GSM 
Roaming 


Terminal Type -i 










AMPS & Satellite 


Yes 


Yes 


No 


No 


Auto Dual Mode 


Yes 


Yes 


No 


No 


GSM & Satellite 


No 


No 


Yes 


Yes 


Auto Dual Mode 


No 


No 


Yes 


Yes 



Mode Cellular Type 
Operation — > 


Satellite AMPS 
Home 


Satellite AMPS 
Roaming 


Satellite GSM Home 


Satellite GSM 
Roaming 


Terminal Type i 










AMPS & Satellite 


Yes 


Yes 


Yes 


Yes 


Auto Dual Mode 


Yes 


Yes 


No 


No 


GSM & Satellite 


Yes 


Yes 


Yes 


Yes 


Auto Dual Mode 


No 


No 


Yes 


Yes 



In Table 1 it can be seen that the dual mode AMPS and satellite cellular UT 7 can: a) operate in an AMPS cellular 
system in either a home or roaming location as a terrestrial user; or b) can operate in a satellite gateway in conjunction 
with an AMPS system either as a home or roaming location as a satellite user; or c) can operate in a satellite gateway 
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in conjunction with a GSM system as a satellite user only. The dual mode AMPS plus satellite cellular phone or UT 
can thus be activated to automatically switch between (a) and (b) above if properly registered. This mode is referred 
to herein as an AMPS plus satellite automatic dual mode. 

Referring again to Table 1 it can be seen that a dual mode GSM plus satellite cellular terminal can: d) operate in 
s a GSM cellular System in either a home or roaming location as a terrestrial user; or e) can operate in a satellite gateway 
in conjunction with a GSM system either as a home or roaming location as a satellite user; or f) can operate in a satellite 
gateway in conjunction with an AMPS system as a satellite user only. 

The dual mode GSM plus satellite cellular phone or UT 7 can be activated to automatically switch between (d) and 
(e) above if properly registered. This mode is referred to herein as a GSM plus satellite automatic dual mode. 
10 The UT 7 can also be configured to switch between the satellite system and either a CDMA or an AMPS terrestrial 

system, depending on the availability of AMPS or CDMA in the terrestrial network. A quad-mode phone which includes 
another terrestrial standard such as GSM (e.g., satellite, AMPS, CDMA, or GSM) is also within the scope of this in- 
vention. 

It can be seen that there are six initial conditions for each type of dual mode UT 7 described above. These initial 
is conditions (C) are as follows: 

C1 UT logged into only the satellite system; 

C2 UT logged into satellite but authorized to switch to the terrestrial system; 

C3 UT logged into satellite and terrestrial systems, and an automatic system search mode begins with the satellite 
20 system; 

C4 UT logged into terrestrial system only; 

C5 UT logged into terrestrial system but authorized to switch to satellite; and 

C6 UT logged into both satellite and terrestrial systems, and the automatic search mode begins with the terrestrial 
system. 

25 

It is one stated object of this invention to provide a multiple mode UT 7 with the ability to select or have selected 
for it a preferred initial condition, and to provide a mechanism for automatic switching between these conditions. This 
object is accomplished in accordance with the invention as described now below. 

30 Initial Condition C1: UT 7 Operation Through Satellite Only 

In this condition the user at UT 7 turn on attempts to register into the satellite system. In this case several situations 
are possible. A first situation is that the UT 7 is located in poor satellite propagation conditions and fails to register. A 
second situation is that the UT 7 is not located in an authorized service area. In this case the UT 7 can be signaled to 

35 display the result. A third situation is that the UT 7 is successful in registering into the satellite system, either by being 
in a home system or having roamed into the system. A fourth situation is that the UT 7 receives a "bad" answer. 

This procedure is shown generally in Fig. 2A and in greater detail in Fig. 2B. Referring to Figs. 2A and 2B, at UT 
7 turn on (Block A) the UT 7 may seek either the satellite or terrestrial system(s) depending on user preferences preset 
into the UT 7 or as modified by the gateway 10. If configured to first seek the satellite system (Block B), but if the UT 

40 7 is not in the satellite service area, such as if it is in an adjacent country which does not authorize satellite service 
(Block C), or if there is no success due to propagation conditions or obtaining a "bad" answer, the UT 7 sets a retry 
timer or counter to some value, which may be constant or vary with the number of tries. Subsequently at Block D a 
check is made to determine if the number of registration attempts has exceeded the retry timer or counter value. If so, 
the registration procedure is terminated at Block E. 

45 a "bad" answer is considered herein to be one of the following. First the PLMN selected is not supported by the 

subscription. Second, the service area is not suitable because it is not supported by a regional subscription (i.e., a 
virtual gateway). That is, it may be that while a regional subscription is allowed a specific PLMN selection may not be. 
Third, the service area may be in a location which does not accept roamers of another PLMN of the same country. 
Other conditions may also result in the UT 7 obtaining a "bad" answer. 

so |f the number of tries which are set are exceeded at Block D then the UT 7 may set a satellite access display to 

"No Service". A pause may be used (either by command, or by manual override) to allow the UT 7 to move to a better 
location for propagation conditions. 

If at Block B the UT 7 has successfully signaled the satellite constellation and gateway 10 network (the preferred 
embodiment being a network coordinating gateway), a communications link is established through the satellite system 

55 only. Once the UT 7 is authenticated, is assigned to a gateway, and has been assigned a paging and access channel, 
the UT 7 is in a standby mode (Block F) and is ready to receive calls from the PSTN 3 or to request the gateway 10 
to set up a call to the PSTN. The UT 7 remains in this condition until the UT 7, when setting up a call or in a set up 
procedure for receiving a call, is found by the gateway 10 to have moved to another service area (Block G). In this 
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case the UT 7 is registered into the new service area (Block H). Should the UT 7 lose contact due to propagation or 
other effects when a call is in progress, the user can be dropped (i.e. the call is terminated). At loss of contact the UT 
7 must normally wait until propagation conditions permit reacquisition of the satellite system (Block I). Likewise, if the 
UT 7 is located in a poor propagation location the UT 7 will not respond to a page that notifies the UT 7 of an incoming 

s call, or a UT 7 originated access request will not be heard by the gateway 1 0 and thus the gateway 1 0 cannot respond. 

In other words, so long as the UT 7 is logged or registered to the gateway 10, is located in the service area, and 
the RF propagation conditions allow communications, the UT 7 has satellite service (Block F). In this condition the 
terrestrial system 2 is not used. 

If the UT 7 loses access due to propagation conditions, or a bad answer, or if the user has moved to a location 

10 which does not authorize service, the UT 7 sets the maximum tries to a predetermined value (which value may be a 
constant or may be set from the gateway 10 by command). The UT 7 displays a "Satellite-No Service" message to the 
user or otherwise indicates a no service condition, sets the retry timer to "N", and retries the registration procedure. A 
pause may be used (either by command, or by manual override) to allow the UT 7 to be moved to a better location for 
propagation conditions. If "N" is exceeded (Block D) it may be that the user must re-log into the satellite system, in this 

is case the retry is looped to seek the satellite once again. In order to prevent endless looping a "MAX" retry counter is 
incremental, when "MAX" is exceeded the satellite display is set to "No Service" and the procedure stops. 

Initial Condition C2: User Operation Initially Through Satellite With Operation Authorized To Switch To Terrestrial 
Systems 

20 

In this condition the user at UT 7 turn on attempts to register into the satellite system. In this case several situations 
are possible, which are similar to those described above with respect to condition C1 . A first situation is that the UT 7 
is located in poor satellite propagation conditions and fails to register. A second situation is that the UT 7 is not located 
in an authorized service area. A third situation is that the UT 7 is successful in registering into the satellite system, 
25 either by being in a home system or having roamed into the system. 

The procedure is shown in Figs. 3A and 3B, wherein Blocks A-D and F-l are as described above. Block E is also 
the same, but is not reached directly from Block B, C or D as was described above. At turn on (Block A) the UT 7 first 
seeks to register to the satellite system (Block B). If the UT 7 is successful, the UT 7 goes to stand by and is active 
(Block F). If not successful, due to being located in a non-authorized service area (Block C), the UT 7 begins to seek 
30 terrestrial system (Block J). If not successful in registering to the satellite system due to propagation conditions or 
receiving a bad answer, the UT 7 sets the retry timer. The UT 7 then loops (Block D) while retrying to register with the 
satellite system. After "N" tries the UT 7 begins to seek the terrestrial system (Block J). 

When successfully logged into the satellite system (Block F) several situations can occur. These are as follows. 

First, the service areas may be authorized with the UT 7 originating and receiving calls successfully. After each 
35 such call the UT 7 loops back to stand by. 

Second, the UT 7 may have moved into a new service area (Block G). The present gateway 10 instructs the UT 
7 to seek the new satellite gateway and, in response, the UT 7 enters the seek satellite system sequence (Blocks H 
and B). 

Third, the UT 7 may find that it has moved into a location which does not have authorized satellite service (Block 
40 C). This location may or may not have authorized terrestrial service. In this case the gateway 10 may instruct the UT 
7 to seek terrestrial service. 

Fourth, the UT 7 may experience loss of service due to poor propagation conditions (Block I). In this case the UT 
7 sets the retry timer, loops to stand by, and retries access. As before, a pause of some fixed length or variable length, 
between retries, may be used to allow the UT 7 to move to a more favorable location. After "N" is exceeded the UT 7 
45 seeks and attempts to register with the terrestrial system (Block J). 

At this time the UT 7 may have signaled the satellite gateway 10 and possibly set up communications potential 
through the satellite system. The UT 7 is authorized to switch to a terrestrial system upon some pre-determined con- 
dition being met. Representative ones of these preconditions are as follows. 

First, UT 7 service is not available due to propagation conditions. After N attempts by the user terminal to access 
50 the gateway 1 0, the UT 7 switches to the terrestrial mode and attempts to register onto the terrestrial system (Blocks 
D and J). 

Second, the UT 7 has been moved beyond the satellite authorized service area and into a region where roaming 
on a terrestrial system is authorized. The gateway 10, having an ability to perform a position location of the UT 7, 
determines this condition and instructs the UT 7 to switch to the terrestrial mode. 
55 in any case the UT 7 responds to the inability to acquire the satellite system and seeks the terrestrial system 2 

(Block J). Once logged or registered into the terrestrial system 2 the UT 7 does not return to the satellite system unless 
the UT 7 is turned off and then back on again (Block A), or if the UT 7 loses contact with the terrestrial system. Further 
loss of contact and reestablishment is conducted according to the operation of the terrestrial system 2. In any case, 
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the UT 7 does not automatically seekthe satellite system unless the number of "MAX " retries is less than the maximum 
set by the local service provider or other system administrator. This initial condition is important in order to prevent 
user terminals which have moved beyond the satellite service area boundary from making endless attempts to log on. 

Still referring to Figs. 3A and 3B, under the conditions that the UT 7 has moved to a service area which is not 
s authorized (Block C), or that service access has been lost after N retries (Block D) ; the UT 7 seeks terrestrial service 
(J). At this time several conditions may exist, as follows. 

First, the UT 7 is successful, registers into a home location in the terrestrial system 2, and begins normal operation 
(Block L). 

Second, the UT 7 is successful, registers into a visitor (roamer) location in the terrestrial system 2, and begins 
10 normal operation (Block L). 

Third, the UT 7 is not successful, or receives a bad answer (Block K). 

For the first two condition the UT 7 sets the appropriate terrestrial system home or roam display indicator and goes 
to a stand by condition. In addition, the UT 7 sets a maximum retry counter to a predetermined value of "MAX" which 
will ultimately limit the number of log-in tries in order to prevent an endless loop and waste satellite system resources. 
is The user then operates the UT 7 according to the terrestrial system parameters. If the terrestrial system service is lost 
(Block M) and the prescribed number of retries is exhausted (Block N), the UT 7 then retries the satellite system and 
loops until the retry value is exceeded. At this time the UT 7 displays a "No Service" message, and registration procedure 
terminates (Block E). 

For the third condition listed above the UT 7 has no success in seeking a terrestrial system after "N" retries, sets 
20 "MAX" to a pre-determined value, and loops to the seek satellite procedure (Block B), resets the retry timer, and retries 
the satellite system. The UT 7 display indicates a "No Terrestrial Service" message, and the UT 7 registration procedure 
is interrupted by a pause. The pause may be of pre-determined duration, or may be manually controlled by the user. 
The user may determine to stop the registration procedure, to continue after moving to a different location, or to simply 
wait until better propagation conditions prevail. 
25 Since "MAX" is generally less than "N", a few satellite registration attempts may be made. This allows the user to 

check the location and move if required until a better location is found. If "MAX" tries are exhausted, the satellite and 
terrestrial service display indicators are set to "No Service" and the registration procedure terminates (Block E). 

Initial Conditions C3; User Operation Initially Through Satellite But Also Enabled To Auto Search 

30 

Reference in this regard is made to Figs. 3C and 3D for illustrating UT 7 methods for a first case (Fig. 3C) where 
the UT 7 stays in a successful system, and a second case (Fig. 3D) where the UT 7 stays in a preferred system. In 
general, the UT 7 at turn on seeks the satellite first, and then registers into the terrestrial system, and can switch 
automatically between these modes. 

35 In Fig. 3C the UT 7 registers in each system (satellite and terrestrial), begins to operate in the first selected system 

(if successful in registering), and then goes to idle mode. Either while in idle mode, or upon a failure to obtain access 
to the satellite system, the UT 7 switches to the other system. In this case, the UT 7 continues in the system that it 
switches to until it loses that system access, upon which time it switches back to the previous system. 

In Fig. 3D the UT 7 registers in each system, begins to operate in the first selected system (the preferred) system 

40 (if successful in registering), and then goes to idle mode. Either while in idle mode, or upon a failure to obtain access 
to the satellite system, the UT 7 switches to the other system and begins to operate. When in the idle mode the UT 7, 
after a delay, tests for the first selected system. If the test fails the UT 7 returns to the alternate system, while if the 
test passes the UT 7 returns to the selected system and enters the idle mode. In this manner the UT 7 attempts to stay 
in the preferred system, unless it is unavailable. 

45 in greater detail, the following is an example of the operation of the automatic switching mode. It should be noted 

that this example is presented in the context of the "stay in preferred system" approach. 

At turn on the UT 7 attempts to register into the satellite system, the procedures being similar to that shown in 
Figs. 2A and 2B. If successful, the HLR or VLR of the satellite system is set to the satellite gateway 1 0 and the satellite 
display is set to "Satellite". The UT7then goes to the idle mode and, simultaneously, attempts to register in the terrestrial 

50 system 2. The block diagram of the registration in the terrestrial system is shown in Fig. 3B. If registration in both of 
these systems is not accomplished, then after an appropriate number of retries the UT 7 terminates the registration 
procedure. If registration in one or the other of these systems is not accomplished the UT 7 sets a late register circuit 
or flag (not shown) and attempts to perform the registration at a later time. 

Assuming now that there is a successful registration in both systems, the following procedure is followed while the 

55 UT 7 is in the idle mode. The UT 7, in the idle satellite system state, periodically tests for the satellite system availability. 
If the satellite system is available (pass) the UT 7 returns to the idle satellite system state. If the satellite availability 
test fails, after an appropriate number of retries (not shown) the UT 7 signals the terrestrial system 2 to set its MSC/ 
VLR or HLR to terrestrial for calling and/or billing purposes and then enters the idle terrestrial system mode. The UT 
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7 then periodically tests for the availability of the terrestrial system 2. If the terrestrial system availability test passes, 
a delay timer is set to some value. After the timer expires, the UT 7 again tests for the satellite system. 

If the UT 7 determines during its periodic tests that the terrestrial system is unavailable (fail), it immediately checks 
for the availability of the satellite system. In either case, the UT7 when in the idle mode eventually tests for the satellite 
s system. If this test passes the UT 7 signals the satellite system to set its MSC/VLR or HLR to satellite for calling and/ 
or billing purposes, and then enters the idle satellite system mode. If this test fails, the UT 7 again retries the terrestrial 
system which, if available, causes the UT 7 to reenter the idle terrestrial system mode. If the test fails (i.e. , the terrestrial 
system is not available), the UT 7 retries some number of times and, if unsuccessful, terminates the procedure. 

In the access mode the UT 7 eventually attempts to originate a call or request access. In this case : two possibilities 
10 can occur. First, the UT 7 is successful, upon which it returns to the idle satellite system mode. Alternatively, the UT 7 
may fail (as shown in Figs. 3A and 3B). Upon a failure the UT 7 signals the terrestrial system 2 to set the MSCA/LR 
or HLR to the terrestrial state for calling and/or billing reasons and then attempts terrestrial access. If successful, the 
UT 7 returns to the idle terrestrial system mode and begins to periodically test for the availability of the satellite system, 
as described above. If unsuccessful, the UT 7 retries the satellite system and, in unsuccessful, terminates the proce- 
ss dure. 

Initial Conditions C4. C5. & C6 

These conditions and procedures are similar to those described above with respect to Figs. 3A, 3B, 3C and 3D, 
20 in the previous sections, with the respective roles of terrestrial and satellite reversed. Minor changes may be required 
in order to establish system compatibility. 

Figs. 1 1 A-1 1 C are flow charts illustrating UT 7 mode selection. These flow charts show the logic and methodology 
for enabling the various modes to be entered at user activation of the satellite/terrestrial dual mode UT 7. The resulting 
process leads the user to conditions C1 to C6 as described above. These flow charts are shown for reference only 
25 and are typical of but one implementation. Figs. 11 D and 11 E illustrate these various initial conditions and the status 
of the UT 7 for the six modes. The connectors labelled C1 -C6 in Figs. 1 1 A-1 1 C correspond to the conditions C1 -C6 of 
Figs. 11Dand 11 E. 

Having described several presently preferred embodiments of methods in accordance with this invention, a de- 
scription will now be made of the underlying hardware elements for executing these methods. 

30 Fig. 4 is a block diagram of the dual mode UT 7. The UT 7 includes a terrestrial telephone 12 comprising a first 

RF transceiver with an antenna 14 which is capable of communication with an existing terrestrial telephone system 2, 
such as an AMPS or GSM cellular system, over RF links T1 . Also included in the UT 7 is a satellite telephone 16 
comprising a second RF transceiver with an antenna 18 which is capable of communicating with the satellite mobile 
communications system over RF links S1 . Included in the UT 7 is a selection processor and switching unit (SPSU) 20 

35 which includes selection algorithms (SA) which may be, by example, a set of scripts which are run to implement the 
methods described above with respect to Figs. 2A-3D. Thus, the UT 7 is capable of executing different methods which 
can be chosen either by the user or by the system operator, through a suitable signalling protocol to which the SPSU 
20 responds. A user-actuated manual control function 24 may be, by example, a button or a key pad entry, that is used 
to override any stored script or algorithm if manual override is authorized by the operator. The UT 7 signalling com- 

40 munications path from the gateway 10 to the UT 7 may include the ability to override or prevent manual operation by 
the user. 

In a presently preferred embodiment of this invention the satellite telephone 16 may be capable of operating in a 
full duplex mode and communicate via, by example, L-band RF links (uplinkor return link) and S-band RF links (downlink 
or forward link) through return and forward satellite transponders, respectively. The return Lband RF links may operate 
45 within a frequency range of 1.61 GHz to 1.625 GHz, a bandwidth of 16.5 MHz, and are modulated with packetized 
digital voice signals and/or data signals in accordance with a presently preferred direct sequence (DS) code division 
multiple access (CDMA) spread spectrum technique. The forward S band RF links may operate within a frequency 
range of 2.485 GHz to 2.5 GHz, a bandwidth of 1 6.5 MHz. The forward RF links 1 7a are also modulated at the gateway 
10 with packetized digital voice signals and/or data signals in accordance with the DS-CDMA spread spectrum tech- 
no nique. 

The 16.5 MHz bandwidth of the forward link is partitioned into a plurality of channels with up to, by example, 128 
users being assigned per channel. The return link may have various bandwidths, and a given UT 7 may or may not be 
assigned a different channel than the channel assigned on the forward link. However, when operating in a diversity 
reception mode on the return link (receiving from two or more satellites 8), the UT 7 can be assigned the same forward 
55 and return link RF channel for each of the satellites. 

The gateway 10 communicates with the satellites 8 via, by example, a full duplex RF forward link (forward link to 
a satellite 8) and return link 19b (from the satellite) that operates within a range of frequencies generally above 3 GHz 
and preferably in the C-band. The C-band RF links bidirectionally convey communication feeder links, and also convey 
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satellite commands to the satellites and telemetry information from the satellites. 

All of the frequencies, bandwidths and the like that are described herein are representative of but one particular 
embodiment. Other frequencies and bands of frequencies may be used with no change in the principles being dis- 
cussed. As but one example, the feeder links between the gateways 10 and the satellites 8 may use frequencies in a 

s band other than the C-band (approximately 3 GHz to approximately 7 GHz), for example the Ku band (approximately 
10 GHz to approximately 15 GHz) or the Ka band (above approximately 15 GHz). 

The terrestrial telephone 12 of the UT 7 is constructed to be compatible with a desired type of terrestrial cellular 
air interface, such as but not limited to that specified for IS-41 (AMPS), GSM or some other time division multiple 
access (TDMA) digital standard, or IS-95 (DS-CDMA). 

10 A simplified block diagram of the satellite gateway 10 is shown in Figure 5. The gateway 10 is connected to the 

PSTN 3 and also to a terrestrial or ground data network (GDN) 26. The GDN 26 connects the gateway 10 to the 
terrestrial portion of the satellite communications system, such as other gateways, a Ground Operations Center (not 
shown), and a Satellite Operations Control Center (not shown). The gateway 10 includes at least one directional an- 
tenna 28 for transmitting and receiving the DS-CDMA satellite links S2 which connect the gateway 1 0 to the satellites 

15 8 and thence to the UTs 7. The gateway 10 is also connected to Mobile Applications Part (MAP) networks. In the 
example shown there are two MAP networks. These are an IS-41 (AMPS) MAP network 30 and to a GSM MAP network 
32. In turn the MAP networks are connected to Mobile Switching Centers (MSCs) of various Public Land Mobile Net- 
works (PLMN). The IS-41 MAP network 30 is connected to an IS-41 MSC 34 and the GSM MAP network is connected 
to a GSM MSC 36. 

20 Referring now to Figs. 6A and 6B, the gateway 10 is shown in more detail. In particular, Fig. 6A illustrates what is 

referred to herein as a 'Type 1 1 gateway 10, while Fig. 6 B illustrates a 'Type 2' gateway 10. The Type 1 gateway 10 of 
Fig. 6A has a direct connection to the GSM MAP 32 from a call control processor/VLR 38 and thence to the GSM MSC 
36. The Type 1 gateway 10 can provide most, but not all, GSM features. Also, in the Type 1 gateway 10 a connection 
from a Code Division Multiple Access (CDMA) RF Interface System (CRFIS) 40 to a Switch Assembly (SSA) 42 (e.g., 

25 an IS-41 MSC) is connected directly to the PSTN 3. The call control processor/VLR 38 is also connected to an IS-41 
HLR 44, which in turn is connected to the IS-41 MAP network 30 and thence to the IS-41 MSC 34. The CRFIS 40 
includes a packet switch/router. 

The Type 2 gateway 10 of Fig. 6B uses a similar construction for the interface to the IS-41 MAP network 30, but 
modifies the gateway 10 so as to provide all GSM features. As is illustrated, the CRFIS 40 has an interface to a Base 

30 Station Controller Interface (BSCI) 46 for providing control signaling directly from the CRFIS 40 to a GSM SW/VLR 48, 
which in turn is also connected to a GSM HLR 50. The GSM SWA/LR 48 includes a GSM switch. In this case the GSM 
SW/VLR 48 communicates directly to the GSM-MAP network 32 and thence to one or more GSM MSCs 36. The call 
control processor/VLR 38 and IS-41 HLR function as before. Connection to the PSTN 3 is through the GSM SW 48. 
A function of the circuitry shown in Figs. 6A and 6B is to provide communications and signaling between MSCs 

35 34 and 36 and the gateways 1 0 for switching the communications modes between the satellite and terrestrial systems, 
and to enable proper authentication, charging, and mobility management. These functions are generally referred to in 
the art as inter-working. 

Fig. 7A is a more detailed block diagram of the Type 1 gateway 1 0 of Fig. 6A, while Fig. 7B simplifies the diagram 
of Fig. 7Afor illustrating the UT 7 registration signalling paths. 

40 Links S2 are maintained both to and from the satellites 8 through antennas 28 which may be fixed, or for a mobile 

satellite system using Low Earth Orbit satellites (LEOS), may use a number of steerable tracking antennas. These 
antennas are connected to suitable RF unit 52 comprising an RF transceiver. The output and input to the RF unit 52 
is fed to a Base Station Controller (BSC) 54 which includes a traffic system 10a which connects user signals from the 
satellites 8 to the PSTN 3. The communications traffic to and from the UTs 7 flows via the CDMA RF Interface System 

45 (CRFIS) 40 to a Selector Bank System (SBS) 56, which functions as a packet router, and thence to the Switch Assembly 
(SSA) 42 and PSTN 3. Signaling flows from the CRFIS 40 to a billing system 58 via a Control Data Adapter (CDA) 60, 
to the GDN 26 via Base Station Manager 62, as well as to the CCPA/LR 38. The CCP includes the local VLR which is 
connected to the GSM MAP network 32 and thence to various GSM HLRs 50. The CCPA/LR 38 is also connected to 
the IS-41 HLR 44 and thence to the IS-41 MAP network 30 and to various IS-41 HLRs 34a. 

50 The simplified diagram of Fig. 7B shows the signaling portion and the signaling routing from the CCPA/LR 38 out 

to either the IS-41 MAP network 30 or the GSM MAP network 32. Connections to various GSM-MSC cellular operators 
and various IS-41 MSC cellular operators are shown. The GSM MSC 36 contains both a GSM VLR 51 and a GSM 
HLR 50. The IS-41 network operator 34 includes an IS-41 VLR 34b and an IS-41 HLR 34a. 

Fig. 8A is a more detailed block diagram of the Type 2 gateway 1 0 of Fig. 6B, while Fig. 8B simplifies the diagram 

55 of Fig. 8A for illustrating the UT 7 registration signalling paths. 

The traffic connections are generally as described in the Type 1 gateway 1 0 of Fig. 7A, except that the input/output 
of the GSM switch 48a is connected to the GSM MSC 48 which is part of the gateway 10. The connection is via the 
GSM switch 48a and thence to the PSTN 3. Signaling flows from the CRFIS 40 to the CCP/VLR 38 and thence to the 
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IS-41 HLR 44, as described above for IS-41 interconnection and inter-working. The signaling for GSM flows from the 
CRFIS 40 to the Base Station Controller Interface (BSCI) 46 and thence to the GSM MSC 48. Inter-working from the 
GSM/VLR 48b contained in the GSM MSC 48 is via the GSM MAP network 32. 

In general, and referring to Fig. 9, the Mobile Switching Center (MSC) coordinates setting up calls to/from GSM 

5 or IS-41 users, and provides interfaces to external networks. The interface facilitates connection to external networks 
totransport user data or signaling between GSM or IS-41 entities, using CCITT Signaling System No. 7 (SS-7) protocols 
allowing cooperative inter-working between various network switching systems, either within one GSM or IS-41 net- 
work, or between many GSM or IS-41 networks. 

It should be noted that it may be necessary to convert from one version of SS-7 to another. By example, it may be 

10 necessary to convert or translate from an ANSI version of SS-7 (used in the U.S.) to a version used by international 
signalling systems (e.g., ITU SS-7). 

The Home Location Register (HLR) is a database of user information which is held in the communications system 
infrastructure independent of the user location. It includes the current location of the user (i.e. which network the user 
is in, not the physical latitude and longitude of the user). The HLR is typically a stand alone computer, and has subdi- 

15 visions for handling authentication and security data for authenticating the user. The Visitor Location Register (VLR) 
is linked to one or more MSCs and temporarily stores data for users currently in the service area of the corresponding 
MSC(s). The user's current location is generally more precisely known to the VLR than to the HLR. A gateway switch 
(GMSC) is used to process calls and to handle incoming calls from the PSTN 3. These calls are routed to the GMSC 
without knowledge of the user location. The user location is fetched and the call is routed to the right MSC. In doing 

20 this the GMSC first finds the correct HLR knowing only the directory number of the GSM or IS-41 subscriber, then 
interrogates the HLR for the user information. 

A thorough discussion of the various aspects of such inter-working, by example, can be found in a publication "The 
GSM System for Mobile Communications", Michel Mouly and Marie-Bernadette Paulet, Chapters 5, 6 and 7. 

Previously the inter-working of systems involves signaling between various systems to set up and provide the user 

25 access to various networks based on the user's location. In general, the problem is one of insuring that the user access 
is authenticated before authorizing the user to access the network, and to set up the information to allow incoming 
calls to be routed to the user, and finally to ensure that billing is properly accounted for. In principle the inter-working 
process involves registration and de-registration according to various system rules which involves messages sent 
between the systems involved in the inter-working. 

30 One problem that arises when implementing the automatic switching between satellite and terrestrial systems in 

accordance with an aspect of this invention relates to the large amount of signaling required in the registration process. 
For satellite systems which are generally power limited, this process can cause excessive use of power, thus limiting 
capacity. Furthermore, excessive use of the required RF and other circuitry in the UT 7 can reduce battery life. 

One method to alleviate this problem is to simply only query the alternate system at infrequent intervals, (e.g., tens 

35 of minutes apart). However, this technique is less than optimum. 

A better approach is now described in reference to Fig. 10. In Fig. 10 a satellite service area (SSA) 70 can generally 
be considered to be a boundary of a country. Within the SSA 70 is a terrestrial service area (TSA) 72. The TSA 72 is 
comprised of cells 72a, and has boundaries resulting from propagation effects of its constituent cells. The outer edges 
of the cell boundaries at the edge of the combined cell service area are referred to as fringe areas 72b. Also within the 

40 TSA 72 is, typically at least one urban area 74 and pockets of poor service 76. The satellite MSC VLR (e.g., 48, 48b) 
can query the serving TSA MSC for the users "last" cell. Therefore, the user's general location can be known to within 
a few kilometers. Likewise, user position location measurements performed by the satellite system based on range 
and/or doppler measurements between the UT 7, satellite 8, and satellite system terrestrial gateways 10 enables the 
UT 7 position to be known. Therefore, both the terrestrial and satellite communications systems have knowledge of 

45 the location of the UT 7, but generally by differing means. Both systems also have an ability to query the user for his 
or her location. 

There are now described several methods of inhibiting excessive registration and signal seeking of alternative 
systems. 

Referring to Fig. 17, there is illustrated a block diagram of a gateway 10 that is constructed to implement this 
50 method. In this embodiment a map is consulted to enable or inhibit the automatic registration/seek function until certain 
conditions are met. A position location function 80 is coupled to the CRFIS 40 and to a processor 82 which contains 
various algorithms and scripts. Also connected to the processor 82 are the GSM/MSC-VLR 48 and the IS 41 MSC- 
VLR 38. Further coupled to the processor 82 is a map database 84. The map database 84 contains a set of locations 
which are known to have poor connections for all users of either the terrestrial or satellite communications systems. 
55 By example, beyond the "fringe area" 72b of the TSA 72 it is known a priori that there is no terrestrial service. Continual 
searching for a terrestrial system by the UT 7 in this area thus is a waste of energy and computing time. Likewise, 
although there will be satellite coverage in the urban area 74, due to the many RF obstructions the quality may be 
poor. Continual searching for the satellite system in the urban area 74 may thus be generally ineffective. Furthermore, 
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terrestrial cell 72a with pockets of poor coverage 76 are also well known to the terrestrial cellular operator. 

Based on this and other information an accurate map can be stored in the database 84. Based on the information 
stored in the map database 84, and in accordance with the known location of the UT 7, the processor 82 can instruct 
the UT 7 to selectively inhibit or enable the automatic system searching function. A UT 7, by example, traveling in the 

5 satellite service area 70 would be instructed through a suitable signalling protocol to not seek a terrestrial system until 
the UT 7 is determined to be in or near the terrestrial service area 72. The UT 7 continuing into the TSA 72 may enter 
a cell 72a containing the pocket 76. Switching to the satellite when in the affected cell can thus insure the availability 
of communications. The user may further enter the urban area 74 where the satellite communication quality is generally 
poor. The boundaries of the urban area 74 can be determined and stored in the map database 84, or provided to the 

10 UT 7 by the gateway 10. Switching to the terrestrial cellular system when in the urban area 74 can thus ensure com- 
munications, without excessive automatic searching for the satellite system. 

It is also within the scope of this invention to provide the UT 7 with a capability to store information that indicates 
the locations where the UT 7 has experienced poor satellite and/or terrestrial service with respect to the map (either 
contained at the gateway 10 or contained in the UT 7). The position of the UT 7, as self-determined or determined by 

is the gateway 10, can thus be used to perform intelligent or adaptive switching based on a historical record of system 
connection quality and availability. 

In this case the gateway 10 may measure the UT 7 availability with block 86 and also record the location of the 
UT 7 when the availability drops below a threshold value. By example, a separate processor 88 may be used for 
maintaining a historical data base 90 wherein the UT 7 availability and location information is stored. This enables the 

20 processor 82 to also use information derived from the historical database 90, and the current location of the UT 7, to 
determine a switching profile. 

That is, the UT 7 will develop a 'history' as the UT 7 is repeatedly blocked or loses contact with one or the other 
of the satellite and terrestrial systems. In this case the availability of the UT 7 is measured by block 86, and is processed 
by the processor 88 by combining data from the UT position location unit 80 and the measurement unit 86. The results 

25 are stored in the historical database 90. As the UT 7 moves about the SSA 70 and TSA 72, the historical information 
is used in addition to the previously described methods to optimize the UT 7 system seek and registration modes. 

Figs. 12-16 illustrate various system types having different relationships between a satellite service area 70 and 
a terrestrial service area 72. In Fig. 1 2 a domestic terrestrial service area 72, having a plurality of constituent cells 72a, 
is approximately congruent to the satellite service area 70. Each service area type has a single mobile switching center, 

30 one being the terrestrial MSC 4 and the other being the MSC 48 associated with the gateway 1 0. Fig. 1 2 also illustrates 
a domestic service provider coverage area that is located in a non-authorized satellite service area. Fig. 13 is similar 
to Fig. 1 2 except that there are multiple terrestrial MSCs 4 located within the satellite service area 70. Fig. 1 4 illustrates 
the case where the satellite service area 70 ; such as that contained within a single country, includes a plurality of 
domestic service providers and thus includes a plurality of terrestrial MSCs 4. Different service providers may use 

35 different air interfaces and related signalling protocols (e.g., IS-41 and IS-95). Fig. 15 illustrates a case, similar to Fig. 
14, but wherein there are a plurality of satellite service areas designated A and B. In this case it is noted that each 
satellite service area includes an associated gateway 1 0 and gateway MSC 38. Fig. 1 6 illustrates a further embodiment 
where there are multiple satellite service areas that are served by a single shared gateway 10 and gateway MSC 38. 
The teaching of this invention applies equally to all of these various types of system configurations. 

40 It was indicated above that the presently preferred communication technique in the satellite communication system 

component is the DS-CDMA technique. Typical of many CDMA techniques, such as those based on IS-95, is the use 
of a pilot channel. The pilot channel is an unmodulated, direct-sequence spread spectrum signal that is transmitted 
continuously by each gateway 1 0. The pilot channel allows the UT 7 to acquire the timing of the forward CDMA channel, 
provides a phase reference for coherent demodulation, and can also provide a means for making signal strength 

45 comparisons between gateways. 

Assume now that the UT 7 is in communication with the gateway 10 and is capable of originating and receiving 
calls. The gateway 10 delivers pages to the UT 7 over a forward paging channel. By example, six to eight pages may 
be sent within 30 seconds. In response to a page the UT 7 will respond with appropriate signalling to the gateway 10. 
In this manner the gateway 1 0 knows that the UT 7 has received the page. 

50 For the case where the UT 7 loses the pilot channel and thus loses synchronization with the gateway 10 the 

gateway 10 stores any non-acknowledged (non-delivered) pages. Subsequently, the UT 7 reacquires a pilot channel 
and indicates to the gateway 1 0 with suitable signalling that it is once again operational and has acquired a pilot channel. 
In response, the gateway 10 sends a message to the UT 7 that there are calls waiting in an incoming call database 
and requests that the UT 7 indicate whether the undelivered pages should be transmitted or whether they should 

55 remain stored until requested later. If there are no pages stored for the UT 7 the gateway 10 may either expressly 
indicate same or may indicate this indirectly by not sending a "pages waiting" message. 

While the invention has been particularly shown and described with respect to preferred embodiments thereof, it 
will be understood by those skilled in the art that changes in form and details may be made therein without departing 
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from the scope and spirit of the invention. 



Claims 

5 

1. A communications system, comprising: 
at least one user terminal; 

10 a satellite communications component comprising at least one satellite and at least one terrestrial gateway; 

a wireless terrestrial communications component comprising at least one repeater and at least one mobile 
switching center: 

is said at least one gateway and said at least one mobile switching center being coupled together by a first mobile 

applications part network, said at least one gateway and said at least one mobile switching center further being 
coupled to a terrestrial communications network; and 

said at least one user terminal comprising a first transceiver for bidirectionally communicating with said gateway 
20 through said satellite, a second transceiver for bidirectionally communicating with said mobile switching center 

through said repeater, and control means, responsive to one of a user selected protocol or a gateway selected 
protocol, for enabling either said first transceiver or said second transceiver for conveying a user communi- 
cation to said terrestrial communications network. 

25 2. A communications system according to claim 1 , wherein said terrestrial communications network is comprised of 
a public switched telephone network. 

3. A communications system according to claim 1 or 2, wherein said gateway is bidirectionally coupled to said mobile 
applications part network through one of a home location register or a visitor location register. 

30 

4. A communications system according to claim 3, wherein said gateway is bidirectionally coupled to a second mobile 
applications part network through one of a home location register or a visitor location register. 

5. A communications system according to any preceding claim, wherein said gateway is further comprised of a data 
35 base storing data representing a map indicating poor quality communications areas within a gateway service area, 

and wherein said gateway selected protocol is modified as a function of said data from said data base. 

6. A communications system according to any of claims 1 to 4 ; wherein said gateway is further comprised of a data 
base storing data representing a historical record of user terminal availability within a gateway service area, and 

40 wherein said gateway selected protocol is modified as a function of said data from said data base. 

7. A communications system according to any preceding claim, wherein said gateway is comprised of first interface 
means for coupling said gateway to said first mobile applications part network and a second interface means for 
coupling said gateway to a second mobile applications parts network. 

45 

8. A communications system according to claim 7, wherein said second interface means also couples said gateway 
to said terrestrial communications network. 

9. A communications system according to any preceding claim, wherein said gateway is further comprised of means 
50 for storing pages directed to said user terminal when said user terminal is not available to receive pages, and for 

subsequently delivering said stored pages to said user terminal when said user terminal is enabled to receive 
pages. 



55 



10. A dual mode user terminal, comprising: 

a first transceiver for communicating with a satellite communications network that comprises at least one 
satellite and at least one terrestrial gateway; 
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a second transceiver for communicating with a terrestrial cellular communications network comprising at least 
one repeater and at least one mobile switching center; and 

a processor, responsive to one of a user selected protocol or a gateway selected protocol, for enabling either 
said first or said second transceiver for registering said user terminal with one of said satellite communications 
network or said terrestrial cellular communications network, wherein one of said satellite communications 
network or terrestrial cellular communications network is assigned a higher priority than the other for first 
attempting registration, and wherein said processor initiates a registration into the other network after regis- 
tering with the highest priority network. 

11. A dual mode user terminal, comprising: 

a first transceiver for communicating with a satellite communications network that comprises at least one 
satellite and at least one terrestrial gateway; 

a second transceiver for communicating with a terrestrial cellular communications network comprising at least 
one repeater and at least one mobile switching center; and 

a processor, responsive to one of a user selected protocol or a gateway selected protocol, for enabling either 
said first or said second transceiver for registering said user terminal with one of said satellite communications 
network or said terrestrial cellular communications network, wherein one of said satellite communications 
network or terrestrial cellular communications network is assigned a higher priority than the other for first 
attempting registration, and wherein said processor automatically initiates a registration into the other network 
after de-registering with the highest priority network. 

12. A dual mode user terminal, comprising: 

a first transceiver for communicating with a satellite communications network that comprises at least one 
satellite and at least one terrestrial gateway; 

a second transceiver for communicating with a terrestrial cellular communications network comprising at least 
one repeater and at least one mobile switching center; and 

a processor for registering said user terminal simultaneously into both said satellite communications network 
and into said terrestrial cellular communications network and, in response to a loss of communication with a 
preferred on of said satellite or terrestrial communications networks, for sending a message to a HLR or VLR 
of the other network. 

13. A dual mode user terminal, comprising: 

a first transceiver for communicating with a satellite communications network that comprises at least one 
satellite and at least one terrestrial gateway; 

a second transceiver for communicating with a terrestrial cellular communications network comprising at least 
one repeater and at least one mobile switching center; and 

control means responsive to one of a plurality of predetermined initial conditions for establishing bidirectional 
communications with at least one of said satellite communications network or said terrestrial communications 
network, said plurality of initial conditions comprising (a) logging in only to said satellite communications net- 
work; (b) logging into said satellite communications network but authorized to switch to said terrestrial com- 
munications network; (c) logging into both said satellite communications network and into said terrestrial com- 
munications network, wherein an automatic network search mode begins with said satellite communications 
network; (d) logging only into said terrestrial communications network; (e) logging into said terrestrial commu- 
nications network but authorized to switch to said satellite communications network; and (f) logging into both 
said satellite communications network and into said terrestrial communications network, wherein said auto- 
matic network search mode begins with said terrestrial communications network. 

14. A communications system, comprising: 
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at least one user terminal; 

a satellite communications component comprising at least one satellite and at least one terrestrial gateway, 
said gateway comprising a data base storing data representing a map indicating poor quality communications 
areas within a gateway service area; 

a wireless terrestrial communications component comprising at least one repeater and at least one mobile 
switching center: 

said at least one gateway and said at least one mobile switching center being coupled together by a first mobile 
applications part network, said at least one gateway and said at least one mobile switching center further being 
coupled to a terrestrial communications network; and 

said at least one user terminal comprising a first transceiver for bidirectionally communicating with said gateway 
through said satellite, a second transceiver for bidirectionally communicating with said mobile switching center 
through said repeater, and control means, responsive to one of a user selected protocol or a gateway selected 
protocol, for enabling either said first transceiver or said second transceiver for conveying a user communi- 
cation to said terrestrial communications network, wherein said gateway selected protocol is modified as a 
function of said data from said data base. 

15. A communications system, comprising: 

at least one user terminal; 

a satellite communications component comprising at least one satellite and at least one terrestrial gateway 
said gateway comprising a data base storing data representing a historical record of user terminal availability 
within a gateway service area; 

a wireless terrestrial communications component comprising at least one repeater and at least one mobile 
switching center; 

said at least one gateway and said at least one mobile switching center being coupled together by a first mobile 
applications part network, said at least one gateway and said at least one mobile switching center further being 
coupled to a terrestrial communications network; and 

said at least one user terminal comprising a first transceiver for bidirectionally communicating with said gateway 
through said satellite, a second transceiver for bidirectionally communicating with said mobile switching center 
through said repeater, and control means, responsive to one of a user selected protocol or a gateway selected 
protocol, for enabling either said first transceiver or said second transceiver for conveying a user communi- 
cation to said terrestrial communications network, wherein said gateway selected protocol is modified as a 
function of said data from said data base. 
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